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ABSTRACT 


Sliding wear sutdies under zero i u.br i carton conditions 
be;t.ween c.arbui'’i ssd heat* treated low carbon steel and hs-at. treated 
(quenched and ts?mpered) medium cairbon steel have been carried out » 
The carburised component farmed the stationar'/ ab.isct aver which 
the heat treated medium carbon steel componensri: was slid in an 
Amsler machins» Fallowing significant results have been obtained.. 

Ci) !”or nearly equal surface hardness conditions, the catrburi sed 
heat, treated compesnent wears off faster than the heat treated 
medium carbon steel. 

(ii) The initial wear losses are si g^ni f i cant 1 y higheT than the 
subsequent periods. Also, the losses are higher for higher loading 
conditions. 

(lii) If both the components are made out of heat treated medium 
carbon stcaels the wear lasses are consideravbly reduced. 

Experiments were also C3.rrie?d out to dectaase wear losses by 
coating the carburised heat treated componenet with chromium and 
composite chromium-graphite coatings The results were? 

(iv) Chromium coaitings reduce the wear losses in general but 
si gni'li cantl y at higher loads. However the weatr losses of the 
^nE^dium carbon heat, treated steel increased against the coated 
steels. 

Cv) Chromium-gravphi te coatings are better than chromium coatings 
in controlling the wear losses., 

The results have been explained in terms of the existing wear 
mechanism of sliding wear without lubrication. 



CHAPTER 1 


IMTRODIICTIOM: 


Wi th the passaqe o-f 'timen ofost of the mater' ;i al b ir? uur wi::)!" 1 h 

Dut„ 1i'ie e)<lerrt of ?/^ear is dependoi'rt on tl'ie 'for"ce eitl'j wtiicii 
tl'ie rrsatsf”! al. corrios 1 r'rto contact wi th other" body a/ na'l,:i.ir"E‘ of 
;interfac;;:€;? i lubricated or fiot ^ surface roughness.! speed of 'the 

sildirici suj"' faces and the nature of tJ-te material « 

It is not only the material loss which matters but also trie 
d e t er !i"i6. m at i an q f t h & sif'ii a.p e an d d i. men s i on ss o -f t h s ti c:m: 1 y c: o-ri c: or" "i ed 
F'cjriffer .'Ihtctor is toiorabls:? .if tice loss. is. not toc3 K'fU.cii but the 

SG?carid f a.ctar" iriay become fatal to the fi.u- Lher' iapphii calicjri o-f il-ie 

bc«dy evers if it is sma.llh it is tc^ contr'oi tl'io isecoruJ 'facrtor 

tJ'iat wa, ,c:Qntr"ol the first factor" i«a., material 'laS'-s,. 

iri cil i pure sliding pl'ienomenon one surface is movitig against 
tl'ie other which is kept fixed and in trcis process a t’invje will, ccHfie 
wl'seri t l"ies;e two i ri ter ’act i ng surf aces ar" e riot iurt:: i i iq pi t:oi 1 1 ac: I s 

oryfi am struerigth pc3int of view tl'cLs is not at alhl fit -arid i r'l tliis 

sb'i tuation therua is no wa'y , eexcept replacirjg that parlicul-ar' par't or 
sioffietime the v\?hale machine lia-s to-be ' abandoned « So,,, if by sorrie 

surfcu:::€3 treatmi^nt lilre Cr--c:l ai;:k::linci or Cr -or afihi to c.l adUi nq si idlrfCi 
wear is minimized it wii 1 1. cerd:ainly impr"ove the I if e O'f macl'iine 
and rifai rrt: a i fieri ce cost can be cut down. 

Ill bu!»h-©|3rH:ic:ket drive system of tan.ks and all hchKi'-zy ear'’ti'i 

movo-ng €»artl'i ■vcvi'hi cl es at one pcrrticul ar i nstarrt. orre too'lh of a 

spr'ockst gets engaged wiith a bush aind it pushes forward*. , .In tfris 
procofBS i nt©rau:::t i ng face of- thB; teeth of the5l::?!roBKii&t si. ide ovsrr' the 
bush surf acre and this jrjractical cas.e- can. be c:ompar‘'ed to , a pure , 

sliding process where one sur"facE? is movirig aciauinst «i sur face 

wi'ii ch i s stat i c: « Accordi ng to one., stat i st i cai est :i mat i on af ter 

aJ most 5000 war king hour's bush .,f axc;e .gets tkiin enough thai, ttie 
joining pin which keeps two adjoirring b.usfv togetlrer gets too fftuci'i 
loaded and it breaks very f reciuerit ly « So. in lliis cascr;' ttiere is no 
chcrice but to re^place that worn..'., out foush« . 

Cladding, of any fiard mterial ovc^r the buski is urie of the way 
to control tlie si iding wearing process « Chromi luh is BuppasG*d to be 
f ai r 1 y hard fuater i al and i ts cl addi ng by el ectr'odc^posi t i oi'i process 
is fairly easy*, 

All Garth Hioving vehi cl es , -and tanks: liave to worl: i n eextrem© 
climatic: c::c 3 nditiorf full of dust and mud and so in suct'r cases 
1 i qui d 1 ubr i o at i on i s i rref f i c i err t u Sa ^ i f sol i d 1 i.ibf i c: at i c:«rf ' i s 
used in cladding process as a ccsmpasdte then it will, certainly 
improve the working life of bush material*. Braphitc? is tlna riiosrl: 
camffiori sctl id lubricant, which is codeposited with chrcxntum as ,a 
corriposi t©« . ' > 

The present study deals,, with; si i dinq<v«^fa©c::hani sm study of^ 
carburi^ied 'and heat treated 'steel used for ,bush ' and sprocket 
material respecti vel y « ^ Later 'on, Cr-coatinq on car’burized sample is 
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lifer? acf^^d, ri si i di f^g wear" i nq studV4/its per'-*f iDf ifica'i At ier' 
kJ’'iiCi\:. qlidic’iU wear" mechanisift srtudy ot heat, treated safnpi. e w|xs 
p rrr t H'i(;;;r:f «\*i tl'i botht safffple rriade of t.lie sanra Hialerial.; 

i. IV trie ead iJr''“'‘"gf‘aprri, te cof^ipc/ai te c::oatinGjAli:a per'“tGi' ?ina*:i » wliere 

qr'aphi. te acta as a solid lubr' leant and once again -a i. i ng 

wcirar study 4)as per f arnned .. 




CHAPTER 2 


GENERAL REVIEW OF SLIDING WEAR PHENOMENON 


Wear ;i. s a. widely known phenomenon and it. is one o-f the mas 
important cause o-f the failure of iriachine parts„ When ever two 
surfaces i n ter act. iH=^ there are number of forces like? frictional 
force., viscous force, el ectrornot i ve force acts *4 — i-4 — wM: - g-h — ae4-!5 
on the surface material. In this process surface or subsurface 
material eifither comes out in a continuum or in form of chips Dr- 
in any other forms like f Lakes etc,. Thus in all wear process 
surface material get eroded and hence there is net loss of 
surface metterial. 

■ Sliding wE?ar is one form of wear when one surface is 
stationary and other surface is performing pure skidding on it. 
It is a idealised case where? there is only translational movement 
of one surface against other which is stationary. This is a pure 
transl ati onal motion without any rotational segment. 

For our ex pe?ri mental purpose we us£?d two ring type sample one 
of which is rigidly clamped and another one which is rotating 
with pure sliding axt the stationary sample surface. Here if the 
surface in contact is only studied then one surface is moving 
tangentially against the other without rotation, though one 
sample is rotating in pure sense. Thus, it is also a pure sliding 
case. 

Sliding wear is dependent on various factors like hardness 
of the material, the coefficient of friction, mi crostructure 
of the material and the surface roughness. 


2. 1. 1 ADHESION THEORY OF WEARs 


It states that wear mainly takes. place at the surface and in 
this process material loss takes place mainly from the surface 
and not from inside. Thus according to this theory surface 
properties like friction coefficient, surface hardness, surface 
roughness etc. will play major role and inside mi crostructural 
study is irrelevant for wear study. 

But later weae — study showed that adhesion mods of wear is 
just insignificant part and it is insufficient to explain many of 
the wear experiment results. Later on it was found that harder 
surface even wear faster, than, .softer surface 'which contradicts 
the adhesion theory of wear mechanism. 

' So after extensive' detailed study more relevant theory of 


vsar mechanisiT! was propounded which was called "Del ami nat i on 
TTieary o-f Wear'" 


2.1.2 MECHANISM OF DEL AM I NAT I ON WEAR 
General Description, 

The delamination ( 33,34) theory o-f wear de-scribes the 
•following saquerrtiaJ. Cor independent, i -f there are pres;-; i s'ti ng 
sub--surf ace cracks ) events which leadis to wear particle 
■formation,, 

Ca) When two sliding sur-facss come into contact,, normal and 
tangential loads are transmitted through the contact po;i. n't.s by 
adhesive and ploughing actions., Aspeicties o-f so-fter surface are 
easily deformed and soffie are fractured by the; repea'ted loading 
actions, A relatively smooth surface is generated either whe-n 
these asperities are deformed or when they are removed. Once 'the 
surface becomes smooth ,the contact is not just <asperity to 
aspe?rity contact ,, each point along 'the softer surface experiences 
a cyclic loading cis the asperities of the harder surface plough 
i t. u 

(b) The surface traction exerted by the harder asperities on the 
softsjr surface induces plas'tic shear def ormaition which 
accumulates with repeated loading, 

(c) As the sub surface deformation continues, cracks are 
nucleated below the surface. Crack nucleation very ne?a.r to the 
surface is not favoured because of a triaxial state of highly 
compressive stress which exists just below the con'tact regions. 

(d) 0nc£3 cracks are present Cowing either 'to the crack 
nucleation process or to pre-existing voids ,, further loading , and 
deformation causes extention and propagati on , joi ni ng neighbouring 
ones. The cracks tend to propagate parallel to the surface? at 
a depth governed by materials properties au'id the coefficient of 
friction. When cracks cannot propagate because of either 
deformation or an extremely small tangential trc^ction a't the 
asperity contact, crack nucleation is the rate controlling 
mechanism. 

(e> When these cracks finally shear to the surface C at certain 
weak positions ) long and thin wear sheets delaminates. The 
thickness of a wear sheet is control leed by the location of sub 
surface crc^ck growth, which is controlled by the normal and the 
tangential loads at the surface. 

Also some metal oxides are reported to be formed on the wear 
surface depending upon -the temperature of the experiment or the 
heat generated ' duri ng wear or combined effects of above two. 

Glazes are formed when oxide particles are embedded 
in the metal surface matrix due to the force acting and also the 
wear action..' This mental -cum-gxide layer reduces the friction 
generally in turn reducing wear. 


The devBlopement of gl a:-:s probably involves thrsa 
si tansQUs stages (42) ij f armation agglomeratian and coopact i on 
of DKide debris., Following OKicJe debris a, relatively weak bond 
which causes the debris pairticles to adhere, is dsve loped.. 
Compact i on . of the particl es under prE?ssure bstwse.n the 
sliding surfaces increases this bonding by increasing nurfsber 
cont.-"U::; t points between the particles and enlarging the existing 
areas of contact „ The external pressure promotes closer packing 
of the particles by a process of redistributin auid deformation,. 
As the appjlisd pr-essure increases? the strength of the turmipact 
increases™ The compaction of oxide powders is a long 

6!staib 1 i shed process used to fabricate ceramic ccmspanents., known 
a s i"! D t p r e s s i n g « 


It is apparent that the the very smooth nature of the glaze 
surfau:e is due to continuation of oxide to give very fine 
particles plastic flow of the oxide. During sliding., interaction 
between contactincj asperities result in devel opemeMit of 
junctions. If asperities are mettalic. these junctions can grow 
significantly, resulting in relatively high coefficients of 
friction while subsequent wear can be substantial. 

However with oxide? asperitjos the junctions grow re?I at.i vel y 
little before failure occurs. The termi nait i on of junction growth 
occurs when the contact area has increased to such an extent that 
the reduced pressure over the points of contact results in the 
oxide reverting to its brittle nature ie when the hydrostatic: 
pressuris and the Auerback effect no longer operate. Thus under 
high contact presssure, small cracks, which cause? a reduction in 
the effective shear strength of oxide are partially heated up, a.s 
junction growth proceeds; and the contact, pressure is reduced. 
Such cracks enlargement act more effectively as stress rises, 
leading to a reduction in shear strength of oxide and ultinic^tely 
to brittle failure of the junctions. Hence the coefficient of 
friction is significant but considerably lower than that recorded 
when metal ■•-metal junctions are able to form. Wear rate is low 
because the oxide wear debris produced consists of. very fine 
particles which are either recompacted into the glaze surfaces 
from which they originated or are transiferred and compacted into 
the opposing glaze surfaces. 


THEORY 


The proposed delamination theory of wear is based on the 
following reasoning, ■ , 

(a) During wear the material at and very near the surface does 
not have a high dislocation density, due to the elimination of. 
dislocations which are parallel to the surface. Therefore, the 


material very near the surface 
subsurface layer. 


cold-worked less than that 'o-f the 



ib) ki.1. th continued sliding there will be pile ups of 

di si ocat i Dfis at a\ -Finite distance fram the? BU.rfacs.. In tirrie this 
ivil.l. lead to the formation of voids.. The formation of voids 
vulllbe e?nhanc:ed if tht-3 material contains a hard secorid phase to 
di si ccat i DHB to pile agiainst.. Voids form primarily by plastic 
flaw of matriK around hard particles, when there arse large 
5 £ c o n d a. r- y p h a s e p a r t i c 1 e s in t h e met a 1 « 

be) With time the voids will coalesce., either by grawt.h or 

shearing of the metal. The end result is a crack parall tel to the 
near surf aure. 

{d) When this crack reaches a criticcil length ( dependent upon 
the material) « the material taetweien the crack and the isurface 
will shear, yielding a sheet like particle. 

(b) The final observed shape of the partiicle will be dependent 
upon its length and in ter nail strains. 

2. 1.3 VOID NUCLEATIQN 


The process of void nucleation around rigid 
inclusions of circular cross section embedded in an elastic 
plastic matrix in plane strain subjected to purs 'shear and 
superposed hydrostatic tension is given by the equation (43) 


f^rr “ y ( £ ) 4' h 

where 

^rr = maximum interfacial stress 

y{£ ) = yield strength of the material 

'’"h = hydrostatic stress 

Void nucleation is then possible if g- rejaches the 

rr 

particle raatriK bond strength. 

The equation is modified to 

( g— ) J 3 K sin 2 + 3 T sin 2 — + a~ 

r r max h 


r 


maximum shear stress at the point (x,y). 


® = angle from x axis to the axis of the 

maximum positive shear stress. 

0- = Hydrostatic stress at (x,y). 

h 

= the angle at which ( cr ) occurs. 

The voids, which cannot form at the surface due to the large 
hydrostatic pressure which. exists directly under the contact., can 


uc; 1 pjst.a bslow depth where the hydrostati c pressure is not 
large enough tc supprefss void -formation and above a depth where 
td';s plastic devtormarS^i on is insufficient to nucleate voids arcu.nd 
the hard pcirtic.les« The size and the depth of this region 
i ncreases with increa.sing friction coefficient and normal load,, 
The number of passes required for void nucleation at a given 
depth decreases with increasing friction coef f i ci ent, .. 

2.1.4 CRACK PROPAGATION; 


The mechanism of crack propagation is not known 
correctly,, It is assumed to follow fatigue crack growth rate? (36) 
and some of the other aspects are diBCUssE?d in (35).. 


If the crack eKtension per loading cycle da/ dM i s 
against the logarithm of t.he change in stress intensitv' f actor 4 K 
at the tip of the crack, the shaipe of the curve is independent o-f 
the tnattar i al . A typical curve is shown in Fig. 


A region Threshold regime 


B region = A steady growth regime 
C region = Static mode regime,. 


In the threshold regime the average crack extension per- 
cycle is of the order of atomic dimension or less. Thus continuum 
mechanics does not app^ly in this region and the crack grow in 
spints. In the static mode regime the crack extension per cycle is 
on the order of particle size, continuum mechanics applies but , 
since the stress intensity factor at the tip of a. crack increases 
significantly in each cycle owing to the large extension, the 
relationship between the crack extension and the logarithm of the 
stress intensity factor is non-- linear. 

In the? steady growth regime cracksS grow at a constant 
extension per cycle and the stress intensity factor increases 
slowly,. F'atigus striations are produced. It has been shown 
empi r i Cedi. 1 y that the relationship between 4K and da/ dlM in the 
steady growth regime is of the form 



m 

da/dN = C ( 4 K > 

where t and m are material properties, m is usually of the order 
3 to 4. 

2.1.5 NEAR IN LUBRICATED CONDITION 

The process of wear ^ particle formation under 
lubricated sliding conditions is greatly affected by the 
tangential stresses (40). The tangential force can be varied, 
keeping the normal load constant, by the addition of friction 
affecting material in the lubricating oil. The wear rate at the 
level of surface are greatly reduced if the friction coefficient 
is lower than a specif ic threshDid value. Under these conditions 



s a r par't. i cles are -foriTjsjd -from deformation of surf a css 
asps:'" i t i as.. At higher frictiDn coefficient mors v-'jear occurs by the 
procc:s'5 of plowing and delamination under severe wear condition 
and lubriccition fvCtilure, extremely Isircje aimounts of wsjavr and 
severe surfacns rersult from adhesive wea^r mechani sim.. 

2.1.6 CONDITION FOR DELANINATIDN; 


If/U, friction coefficient defincjd when plataaLC-; are 
firmiv' attached to the bass material, is greater than , fricticsn 
cosf f i c i ent when sliding occurs between the plateaux and the base 
material,, then wear occurs by del ami nati on .. This occurs when 

plateauj-x exceed a critical thickness (37') „ 

2.1.7 EFFECT OF SURFACE ROUBHNESSs 

The initial wear rate is influenced by this surface 
roughness and the applied load but at steady staxte wear rate 
independent of the initial roughnesis (3E5> . Under low applied 

loads; delamination of smooth surfaces; commfsnce soon after -sliding 
is initiated, where ais delamination of rough siurface? is delayed 
until the original asperities are worn., Consequently under low 
loads , the initial wear rate of a smooth surface is higher than 
that, of a rougher surface. The opposite is found to occur undesr 
high loads since original asperities are removed immediately. If 
any machining dam-age is left on the specimen 'surface or sub- 

surface (in the form of deformation, voids and cracks ) it will 
accelerate the initial wear rate of machined surface., 

2. 1.8 WEAR MINIMIZATIONS 

The factors responsible for wear or the wear is 
affected mainly by (a) Surface tractions (b) mi crostructure of 

the material and (c) quality of the surface and (d) coatings. By 

controlling the above factors, the wear can be minimized. (39). 

(a) Surface Tractions; 

The wear rate is si gni f icantl y affected by the 

magnitude of the normal and the tangential loads. The 
nor'mal load is controlled by the external conditions and basic 
nature of tht? magnitude of the tangential load. Efy the addition 
of lubricants to the interface the tangential load can be 
controlled. (40). 

The coefficient of friction is affected by the adhesion 
and plowing (41). The plowing compjonent of the frictional force 

decreases as the hardness is increased by such techniques as 

solid solution hardening, which in turn decreases the wear rate 
si gni f i cantl y . Therefore , it is highly desirable to make the 
surface as hard as possible without introducing crack 
nucleation sites. 

An identical or similar pair of metals has a greater tendency for 
adhesion than those which differ to the extent of not forming 
solid solutions. Bo it is better to select metals which do not 
form solid solutions. 


Since the crystal 1 ographi c orientation or metals 
near the surface changes so that the slip planes line up 
parallel to the surface, the frictionaal fores; is lD?/jered by the 
easier sillp C esspecially in the absence of plowing) » The 
hexagonal closepacked (h„ c» p.) metals having higher c/a ratio 
are? recognised as; metals with easy silipi;. One technique of making 
u'se of slip properties of such h. c. p. metals is to di sipse.'-sa a 
small volume fraction of haird particles such as WC in an h„ c» p. 
matrix. such as Co., (They form a solid solution)., In such system, 
the normal load is carried by the hard particles and the matrix 
provides low friction properties. 

Ski MICROSTRUCTURE OF THE MATERIAL; 


The raise in hardness reduces the su.bsur fates void 
formation and the r^ise in toughneiss decreases the cr.ack 
propagation.. But it is not possible to raise both using a 
manipulation le->ading to a single micro structure.. E>o thet- micro 
structure can be optimised to give reatsonably higher values of 
both. 

Carburiz/ng and nitriding atre certainly desirable 
to reduce wear. 

The II phase particles reduce the wear but they become 

0 

easier site for nucle.ation if the size is more than .200 A. 

By fibre reinforcement perpendi cul ar to the surface of 
wear , the wear can be controlled, because the crack propagatiesn 
(parallel to the surface) is hindered. But the parallel 
reinforcement is not desirable. The friction coefficient is 
higher and wear is minimum in the former case. 

(C) Surf ace Quality 

As discussed already , the surface finish should not 
have any damage due to machining. 

Since the tangential component of the surface traction 
can increase to a large value when there is a long range 
variation of the surface profile (ie. wav in ess ) , the wear rats 
can be increased significantly owing to the waviness. So the 
waviness of the surface should be avoided. 

(d) Coating Techniques; 

Not-withstanding the controversy concerning the 
dynamics of dislocations near a surface layer banded to a hard 
substrate can reduce the wear rate by several orders of 
magnitude. In general, the thickness of the soft layer must, be of 
the order of o. 1 m. Such a coating is effective even at high 
speeds and prevents seizure even . in situations when seizure would 
occur immediately upon contact in the absence of coating. 

. y Haird coatings cao be ' better than softer ' coating (ie it 


QD p DSE’S abrasivs wear also ) and it should be o-? depth at 
UU m wnich is the rriciKimum limit for plcustic: def ormair. i on 
1 1 d i n y , The coating should be coherent,; A1 0 ,, WC,, T C 


aii n i mum 

‘1’’ Lp r I Cj 

and HtC 


2 3 1 

can be coated csn metal by chemical vapour deposition CC'v'D) 
met .hod,. 


Laser heat i rug may help in producing super- saturated sol id 
solution on the surface? by rapid heating and cooling.. 

Some OKide produced during sliding may be, smooth and may 
form a coating like? layer on the 5urfacr.s» This is desirable to 
have which will reduce wear,., but at the same time it ^should not 
be removed quickly. 

2.1.9 WEAR OF IRON AND ITS ALLOY; 


The iron and its alloys, wide?!’/ used n?ateri al s , al so 
subje-?ct6?d to wear tests.. A simple model, based on linear 
DKidation, was proposed to represent OKidative wcaar by fl,aking„ 

- 1 

The theory develope?d prE?dicted that, log (M/w) varies with 0 
where N is the normal applied force, w = werar rate per time and 
0 = the absolute temperature of the metal substrate. The results 
of tests using EnlA pins on W 75 and EnlA tracks showed 
reasonable agreement with the theoritical predictions for 0 

o o 

values between r500 C and 500 C for both the N75 track and EnlA 
track (11). In these regions ojjodation might reasonatbly be 
expected to constitute the majority of the wear. 

The results were used to estimate values for the activation 
energies which wssre of the right order of magnitude bearing 
in mind the likely variations in the o?-: ideation rate between 
running and static comdi ti one. Comparison of activation energies 
for EnlA/N75 and EnlA tests aippeared to indicate that abrasion by 
the track is likely to be important when considering wear. The 
theory was develope?d to apply to p?arabolic oxodation. 

The alloys Fe-Cr (5-207. Cr) were studied in unidirectional 
and reciprocating motions (12) under conditions where frictional 
hearting should be minimal. These experiments were performed in an 
ultrahigh vacuum chamber in which the oxygen partial pressure 

“6 ■ "6 
could be maintained from 10 Pa to atmospheric pressure. At 10 
Pa the friction behaviour and the pattern of wear were 
essentially similar for both types of motion, although slightly 
lower wear was observed under reciprocating motion. At higher 
D?<ygen partial pressures the containment of debris within the 
track led to the formation of compacted oxide 'islands'. 
Hemispherical upper specimens seemed more effective than the 
conical cones in trapping this debris. The islands developed 
gradually but increasingly rapidly as the oxygen partial pressure 
was increased (13) which could persist for e!<tended periods 
during, subsequent evacuatiQ,h.,.," ' 

' Evlderice,''?from' Various eKp^.rimental techniques indicated that 

' the ^'v,;':Compacted' '"ctebris' was a' mixture of alloy and oxides in the 



•form of OKxds covered particles,. 
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friction coefficient decrevssed with siliding speed. This apjpeared 
to be a conseque-nce of OKide formettion. The wear rate of 304 
stainless steel incresed monotoni cal 1 y with speed, whereas the 
wear rate of 1020 steel and Ti first decreased and then increaised 

-"1 

cind again decreased with a maximum occuring at about 5 m- sec 
The complex variation of wear rate as a function of speed is 
explained in terms of the dependence of the friction coefficient, 
hardness and toughness of the materials on temperature. 

Microscopic examinations of the wear track, the subsurface 
of worn specimens and the wear particles indicated that the wear 
mode was predominantly by subsurface deformation, crack 
nucleation and growth processes, le deiamination proces, siniilar 
to the low speed sliding wear of metals soxidative and adhesive 
theories proposed in the past to £?xplain the high speed sliding 
wear of metals were found to be incompatible with the 
experimental observations, 

(16) 

Using ax rotaxting beam test the combined wear-fatigue 

life of medium carbon steel (SISI-1045) was investigated under 
various combinations of loads .The direction of maximum tensile 
stress due to bending was perpendicular to that due to wear. 
Tests were also performed with specimens plated with a thin layer 
of cadmium or Mi-Au. AH of the tests were comducted in the high 
cycle regime. The results showed that, the fatigue life off all 
the specimens at a stress level higher than the endurance limit 
of the specimen was within the experimental scatter of typical 
fatigue test. The effect of sliding imposed by the slider on 
fatigue life was manifested primarily by the stress field imposed 
by th© slider on the specimen. In the case of plated specimens 
the fatigue life was not. signigicantly affected, although the 
wear rate was decreased by an order of magnitude. 



2 WEAR RESISTANT CDATINB 


2.2. 1 INTRODUCTION 

I"." 1 fi'ctrodsporsi ted composites are produced by suspanding 
the second ptuase material, in the torm of f-ine powder or 
filament, in a conventional platting electrolyte. The^se particles 
■ars held' in suspension throughout the plating period by 
agitation.. Different forms of agitation have been employed such 
as mechanical stirring, air or gas bubbling,, electrolyte 
reci rcul at i on , ul trasonic cigitation and plate puinping.. 

Depending upon the' intended application composite 
coatings could be categorised into followings 

1.,) Wear resistant coatings. 

2 .) Dry lubricant coatings. 

3„ ) Heat-treatable metal alloy coatings.. 

4.) Nuclear control coatings.. 

1 . WEAR RESISTANT COATINSSs 

Many investigators believed thsit the wear resistcince of 
composite coatings was largely governed by the wear properties of 
the hard particles, provided the wear lo£\d was less than the 
compression yield strength of the matrix material. They thought 
that when a composite coating having hard particles dispersed in 
it is brought into contact with a sliding counterface the wear 
continues till the hard particles are exposed so that they bear 
the wear load. E*ased on these assumptions attempts have been made 
to disperse various hard particles like 

A1 0 ,TiO ,SiC,WC,Cr 0 ,TiC.jdiamDnd, etc. Table 1.1 gives physical 



properties of some materials which affect the wear behaviour of 

4 

composite coatings. Kedward , however, pointed out, that in actual 
practice a ceertain amount of metal to metal contact wcis 
inevitable due to the non-uniformity of the c\pplied loas ever the 
wearing surface,. Thus for good wear properties,; they pointed out, 
it is essential to recognese the importance of both the particles 
dispersed .and the matrix metal. Maximum) wear resistance, 
according to them, would be obtained when hard particles are 
dispersed in a hard and wear resistant matrix. Eased on these 
arguments they developed composite Co-alloy coatings. ThesEs 
coatings had better wear resistance than all other coatings 
developed by them. However, more work is needed to confirm their 
conclusions. 

l.a CHROMIUM BASED WEAR RESISTANT COATINSSs 

Chromium is attractive as a matrix metal in a number of 
ways,, although ' primarily’ f'f or ■ its good wear and ox i cation 
properties. Vari ous , baths have 'been tried for composites coatings 
<tab',le 1.3)'.', ' ■' 



l.b Chimn I UM-REFRACTORY OXIDES 


f£ar' 1 y ' at t mmpt s t a c: od ep os i t A1 0 


id £3i o 




chraiiii urn , baths fram heHaval ant and tr i val ent batf’is proved 
(5,6) 

ujisuccessrf ul Hokiever ^ Skominas st al reported that the 

codeposi t i on of AL 0 , Sio , Zro nith chromium was pc'Bslble 'frorn 


an hsxavalsnt bath» They concluded that Al 0 of particle 


1 


2 microns was wall suited for composite coating^ With incroc 
alumina content in the bath and dectease in current densitv 
codeposi t i on of Al 0 i nor eased « .A si mi 1 ar bolia vi our was ob 


sea x 
'll I"’! B 
ivar ved 


i II i:;: a s e o f S :i o a 1 s o « 


(S) 

Addx son and Kedward i nvest i gated , both hexaval ent 
electrolytic systems for codeposi ting Ai 0, » It was observed that 

o n* 

hexavalent bath was not suitable for compofsite coatings whereais 
codeposi ti on could be achieved with trivalsnt baths. However., 
there was a severe limitation on the thickness of coating 
obtainable from trivalent baths, which may prove to be a drawbcick 
in wear problems. Moreover, uniform coating thickness could not 
be obtained from trivalent chromium bath based on chlorides 

< 6 ) 

because of its poor throwing power. Young also has shown that 
Al 0 could not be codeposited from heKavalent baths. He also 

showed that .the press’nce of T1 (Thallium ion) in the bath mads 
codeposition possible, . 

Wear properties of Cr-Al 0 composite coatings, 

(8) (6) 

produced both from trivalent and hexavalent baths, were; 
re^ported to be inferior to those of hard chromium coatinqs. 

. ( 6 ) 

Young observed that average wear loss was more of Cr-Al 0 

■ ■ . , ' ■ “*:f 

composites than that of chromium (Table 2.4), Addison and 
(8> ■ : : ' o . , ' ■ 

Kedward reported that upto a temperature of about 200 C the 

wear resistance of Cr-AI 0 composite coating is higher than, that 

2 3 

of pure chromium coating. At temperatures above 200 C the wear 
resistance of composite coatings was much inferior to that of 
chromium coating (Fig 2.1)v 



l.b CHROM I UH-REFRACTQRY OXIDES; 


EL'arly crtterapts to codeposi t A3. 0 and Siio t:h 

chramium, .baths fram heKav.alent and tri valent baths proved 
(5,6) 

unsi..*.ccesB-f!j.l «. However, Skominas et al rcsported t.hat the 

codepaa.i. t i on of AL. 0 , £s;lo , Zro with chromium was possib.l. e •r'>''crri 

a n a V a ]. s n t b a t l‘i T li e y con c: 1 u cl e d t. h a t A 1 0 o f p a r t i i;: ]. e size ;l 

C'* ‘“v 

2 microns was. well suited far compo^ute coating« lAlith increase in 
cR 1. u 0.1 :L n a i::; ir.) n 1: b n t i n t l“i e b a t h a n t j . . d e c t e a s e i n c ii r r“ £■? ri t'. d la n- i *1: 't l “'■1 if? 

codeposi t ion of Al 0 incraaBadu A similar bsHaviour was observed 

O ‘T 

in case of Sio also» 

'7 


( 8 ) 

Addi son and Kedward i nvest i gated both hei<a.val ent 
©lectralytic: systems for coclepositing Al 0 ^ It was observed that 


hexavalent bath was not suitable for composite coatings whereas 
codeposi t :l o.n i::oul d be achi even:! wi th tri val ent baths.. However .. 
there was a sevBrB I i mi tart ion on the thickness 'of coating 
obtainaible from tri val ent baths ^ which may prove to be a drawback 
in wear pr'oblemsu Moreover uniform coaitinci thickness) could, not 
be obtained from trivalE?nt chromium bath baised . on ciilc^rides 

(6')' . . 

because of its poor throwing power,.. Young .also has shown, that; 
Al 0 could not bB cod 0 ,positecl from hexavalent batlisB^ \ Hes' ail.so 

+ 

showesd that .the presence of Tl (Thallium ion) in the baitii made 
c Dd ep os i t i on p oss i b 1 e . 


Wear properties of Cr-Al D composite coatings, 

2 3 ■ . 

( 8 ) ( 6 ) 

produced both from tri val ent. and hexavalent baths, were 
reported to be inferior to those of hard chromium coatinas. 
( 6 ) 

Young observed that average wear loss was more of Cr~“Al 0 

composites than that of chromium (Table 2,4)„ Addison and 
(8) o 

Kedw-iarci reported that upto a temperature of about 200 C the 

wear resistaunce of Cr-Al D composite coating is higher than that 

2 0 

o 

of pure chromium coating. At temperatures above 200 C the wear 
resistance of composite coatings was much inferior to that of 
chromium coating (Fig 2.1). 



and Baldauf 
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chrorni uii! -from hsKav'cil ent bath. The; valuma per" cent of Ti 0 in 

chromium was 1 . OX compared to approximately 13 V/O a-f TiO in 

niickel for same bath concentrati ons aind current density,. Hsrdcess 
measurement's -for 1«0 v/o TxD in chromium gave results bstwesn 

1550--2300 compartt-d to 900--100 -for pure chromium on the Knoop 
scale,, 

l.c CHRDM I UM-REFRACTDRY CARBIDES. BORIDES AND DIAMOND; 

Various refractory carbide a.nd boride particles 

( 6 , 10 , 11 ) 

codeposited with chromium include SiC , 

( 6 , 10 ) ( 6 , 10 ) ( 6 ) 


B C 

4 

TiB 


( 6 ) 


,B C 
6 

Di amond 


,TiC (26) Cr C; 


ZrB (9„12) and 


particles have also been successfully 
( 6 ) 


codeposited with chromium 
. ( 6 ) 

Young observed that codeposition of various 

carbides such as SiC> B C, B and TiC with chromium from the? 

4 6 

conventional hexavalent hath was not possible without the 

+ + -I- 4. + 

addition of monovalent ions like Tl , Ce , Li , NH and Na . Of 

, ' . 4 . ' 

these Tl ion was most effective with all the carbides mentioned 

!5xcept with SiC where Ce ion gave better codeposi t i onthan Tl 

.. ■ + + . + 

ions. At high concentrati ons Li , Na and NH ions caused 

deleterious effect, on the properties of chromium deposit. 
However, when used in small quantities they were effective in 
bringing about the codeposition of particles. 

+ 

With increase in Tl ion concentration, the amount of 
SiC codeposi ted with chromium increased in the conventional 

hexavalent bath and decreased in Bernhauser bath 

yii- ■■-..l.f Codeposition of 'B.C'was, not. very sensitive to operating 
; yar'ilabi®*' ' like-TT ion concentration, temperature, and current 



( 8 ) 

Addison and Kedward codepositsHi Cr C part id as 

v^ith chromiun from trivalant taath» But the wear ■ resistance of 
comp os i te coarbi ng i/^as much i nf €?r i or to h-ard chromi um c c:)a ti ngs. 


■ o 

over a temperature range of 0*-*400 C CFig«2«l)« 

, tAiear r ©s i st an c e of var :l ous c.omp os 1 1 © c h r om 1 urn c oat i n g s 

( 6 ) 

has been reported by Young .« It i^aas observed that n©;<t to 
diarriQrid.j inclusion of B C was most sff-ectiv€^? in. increasincr, the 

6 ■ 

wear resistance of chromium ''coating (Table 2«3) 

Composi t© Cr-'ZrB coat i ngs ©Khi bi ted good wear 

o 

■ o o 

chi^racteri St i cs between 300-400 C and a-fter 400 C the wear 
resist £mce decreased (Fig«2.1). 


(31) 

Kedward et al claimed that preworking o-f' the 
convent i onavl hexaval ant bath with dummy caithodes and then plating 
on to the required substrate produced Cr-ZrB composite coatings 


with evenly dispersed ZrB in chromium^ 


Codeposition o-f diamond particles with chromium -from 

hex aval ent bath containing additions o-i- Tl ions has been 

■ (6) : " 

reported by Young « When diamond was coated with nickel 
Cel ectrol essl y ) then the amount o-f codeposition increased,. With 

4 - 


! 


i 


an increase in Tl ion concentrari on in the bath the amount of 

(26) 

diaimond in the composite coating increased linearly „ The 
amount o-f diamond in the composite coating decreased with 
increase in current density and the effect was more-} pronounced in 
conventional hexavalent bath than in Eiornhauser bath„ Wear 
resisitance or these Cr-di amend composite were reported to be very 
good (Table 2»3). 
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compoBLit e coating may ba eKpected ta posses good anti-f r'i ction 
! ".) r o |::) e ‘I: i. a a r i a u. s p a r t i. c 1 a s c o d e p o s i t e d i i: h m b t a 1 t: o i-*- a ci a c: 

ciry 1 ubr i cant composi t© coat i ngs i nc 1 ud© mol yb den um di sul phi do , 
graphite and barium sulphate. 

Ni"""MoS composi tes have been reported by various 


13-17) 


(i: 


i rwsst i gators Vest .-an Bcicarre codcaposi ted liaS wi tl'i 

^'"ii 

nickel from isulphamate bath» pH vjas -found to have a. pronounced 
e-ftec.t on the codeposit-ion. Increase in pH decreased the %'d1 urne 
percent inclusion of MaS „ Tht-s ardhesion of -fchs coatings decreased 


(13,15,17) 

with inclusion of MoS p-articlea « The internal stres in 

? 

the composite coating was less than thait in nickel coatings. The 
coef-ficient of -friction of the composite coating was between 
(13) 

0 . 05 - 0. 18 : 


(i) 

Young 

chromi urn » Deposi t s 

after two or three 
continuous chromium 


described the codeposition of MoS with 
from bath containing MoS were very poor and 

if”;, 

^uJ^s the bath became inca^pable of producing 
deposits. 


(44) 

Konzina and Erganov codeposited MoS with capper, 

A*» ' 

silver and tin. They csbserved th^at coefficient of friction of 
silver coatings was somewhat reduced when MoB paarticles were 

' ■ ■ O 

included in it. Inclusion of MoS particles had practically no 

2 

effect on the coefficient of friction of capper coatings whereas 
it was slightly increased in case of tin coatings. 

(18) 

Without the use of promoter Zintsova et al were 

able to codeposit MoS with silver only from sulphate baths and 

■ y ^ ^ 2 . ' 

. ■ 4- 

presence ocTl ions as promoter was necessary when cyanide and 
cy^noferate baths were used. 



El £?ctrol yti c. conditions were developed fay Saif ui 1 i r- et 

c :i 9 ) 

•al for nickel-gralphite composists coatincjs could toe used for 

( 21 ) 

abrasion resistance. Kedward claimed to have codeposi tsci 

{ 212 ) 

graphite fibres with nickel from sulphamate bath,, Loeflsr has 

alsn:) described the production of ni ckel -gra^phi te coatings. 

( 6 ) , 

Young was able to codeposit graphite particles with 
chromium from conventional hsKavalent bath only in the presence 

-I- 

of Li ioniiii,. 

(19) 

Graphite was codeposited, by Saiifu.il in et al with 

silver from iodide baith. 

(23) 

Tomassewski et al reported that graphite gor 

codeposited with copper from acid bath even without addition of 

- 1 - + 

any promoters like T1 , Rb , etc. 


Cu-"barium sulphate composite coatings were successfully 
( 23 ) 

produced from acid bath only in the? presence of promoters 

, ' ..j.. 

such as heavy monovalent ions T1 , Ce , B;b nad amines and amino 
acids. pH v-^as shown to have no significant effect on the 
codeposition of BaSo paarticles whereas increase in temperature 

4 

-I- 

decresed the codeposition and the rate of fall was siharp if T1 
was used as promoter wdhereas it was not so sharp if amine 

(23) 

promoters were used „ It was suggested that these CU’“-E!aSo 

4 

composite coatings can be used for sliding contacts because of 
the antistick properties of BaSo particles. 

4 
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TABLE 2-- 1 HfYSIGAL PROPERTIES OF MATERIALS VflIIGH AFEECT 

THE WEAR BEHAVIOUR OF CmPOSITE GOAJINGS ' 


Material 

Structure 

Density 

Melting^; ■ 
poijat T°0) 

Hardness 


• 

(te/niiii ) 


Trigonal 

3^98' 

2000 

3000 


GuLic 

o 

CVJ 

• 

2000 


MgO 

Gubic 

3.58 ■ 

2850 

500 

ZrO^ 

Cubic 

5.70‘ 

2700 

1150 

SiO^ 

Hexagonal 

2.20 

1710 

' 

TiO^CHutile) 

Tetragonal 


1830 


TiO^CAnatase) 

Elongated Tetragonal 




SiG 

Hexagonal 

3.20 

2700 

2500 

“6° 




3000. 

V 

Rhombohedral 

2.52 

2350 

2800 . 

Cr C 

Orthorhombic 

6.68 

1895 

1300 

TiG 

Cubic 

5.48 

2730 

2500 

Wc 

Hexagonal 


Decomposes 
’ efore 

2400 




elting 


Hi 

Cubic 

8.19- 

1455 

210 

Gr 

Oub i c , h exago nal 

7.14 

1 893 

590 

Go 

Hexagonal 

8.70 

1495 ; 

129 

Gu 

dubic 

8.43 

1083 

80 

Au ' ■ 

1 

Cubic ^ 

19.30 

1063 

58 



TABLE 2-2. WEAR RESISTAJTOE OP SOME CQMPOSrJE CHROMIUM 
GOATINGS (Ref. 26) 


Paxticle ' included ’ Coating Properties 


in the ooatirig - 

Ilardnes[S (lulW) 

T 

' f 

Average 
Wear Loss 
(mg) 

Average ' 
Inclusion 
vrt ' . 

- - t - 

None 

59,0 

9.0 

1 

. ' 

AI 2 O 3 , 

602 

15.5 

1;81‘ 

Diamond j 

662 

5.7 

00 

- 

0 

^6° i 

695 

6.3 

i 

o;30 

V , ' , 

669 

; • 7.5 

0.27 

A1B^2 •: 

675 

j 

7.7 

,0.18 

IlBg ' . 

66^ 

. 7.8 

0_^59..„ 

SiO '>■'> 

' \ 

749 

■ 10.2 

0.85, 

‘ -c, ' ■ 

607 

11.2 

‘ 0.61' 

TiG 

640 

12.2 

0.83 

p-Si^N^ 

677 

12.9 

0.33, 



I'^BLE 2-3- COMPOSITIONS OE CHROMIUM PL/iTI NG BiiTHS 


ue.Tanalent Bath 


(i) 

CrO^ .... 

• • • 

t 

250 

6/1 


HjSO^ . . 

« • • 

2.5 

f 1 

(ii) 

Bornhauaer 
CrC^ , . . 

Bath 

« • 

400 

6/1 


H2SO4 . . 


0.8 

f 1 

1 

NaOH . . 

• •- • 

58 

1 t 


Irivalent Baths 


(i) 

OrgCSO^)^ . 

. . . 0,5 mole/l , ‘ 


(NH 4 ) 2 S 0 ^ . 

, , . Saturated 


I 

Urea . 1 . . 

. 4 mole/l ‘ , 

-(ii)' 

Or^(sp^)j . 

. , 1V8 g /1 

f 


(1014)2304'. 

' .50 * ’ , 



2 ‘ • 


5 5 

If a.^ SO 4 ♦ • «i« 

'50 * ‘ 


H00N(:CH_)2 


(iii) 

OrOlj . . . 

. . 270 g/1 


IIH4CI ..... 

... 10 

't 

■ 

NaOl . . 

1 ' 

. . . 50 '• 

. ' ' 'i 

H,BO, . ' . . 
'5 5 


;hgon(oh^)2 

’■i y. 

.'1 : : ' ' 

, .... .420 " 



Wear volume ^ in. xIO 



Wear resistance of various composite coatings (Ref. 17, 28 


CHAPTER 3 


EXPERIMENTAL PROCEDURE 


C 3* 13 MATERIAL PREPARATION & HEAT TREATMENT: 


() 


Sipil)-:.: ket mater i al 
0 0 0 2 % , li a n g a n e s e 0 „ 


i s 
9%. 


Eioran steel having carbon 
It is water quenched and then 


200 *^ 0 ,, 

hcirdness is approximately 50 R „ 


tempered at 
Its Bur-I'acs 


Bush material is manganese, steel iwith carbcan 0«l£r/,i 
mangainesB 1%, chromium 0.4"/.„ It is also v-jater qusrnched and then 

tempered att 150 C»^Its sur-face hairdness is 'approx i martsl v 60 F; . 

C 

C3. 23SAMPLE SHAPE & SIZE: 

Etoth sample are taken in a standard cylindrical form as ‘shown 
in the -f igurei-i-Both samples are through and through hardened- 


C3. 31 CHROMIUM COATINGS AND CHROMIUM-GRAPHITE COMPOSITE COATINGS: 


MATERIALS: 

Following materials were used 

(1) Chromic etc id <Cr0 I; 99-99X pure, L-R- Brade.jS.D's Lab.. 

,3 

Chemical Industry., Bombay 

(2) Sulphuric acid,(H SO ), Sp.gr 1.84, L«F<. grade,, Sarabhai M. 

5S ■ 4 * ■ ■ ' 

Chemicals Ltd- Wad i —Wadi , Baroda- 
(3> Anode o-f lead and 8% tin alloy. 

<4) Graphite powder . Average particle size 3“5pj 

EQUIPMENTS: 

(1) Flegulated D.C. power supply. Lambda CLE 104 FM 506). 

(2) Constant temperature water bath, with a reci rcul ati ng pump. 

Water was heated, using an immersion heater, in a glass 
beaker. The electrical, power to the heater was suplied through an 
on/o-ff relay control, A temperature controller, shown in Fig 3.1 
was also immersed in the water and the two leads shown in the 
figure were connected to the on/off relay control. By screwing or 
unscrewing the brass thread of the temperature controller the 
temperature of the bath was varied as required. The whole assembly 



was k ep t w i t h i n a met a 1 1 i c c. as i n g -f i 1 1 ced w i t i-'i i -- sw, 'J. at a g 
fnaterr" i 3.™ 1 :i. ks asbestos powder to minimi ise thsrma.l Idssss^ "’"he top 
was also covered with ain asbestos sheet » 

wa.tGjr ci rcul at :i. ng pump was used to rsrc i rc.u.i sts tlie f’sct. 
water through the doublie wad led glass vat in which trie plating 
experiments wejre canducte'id « (Frig. 3„2)^. 

(3,) Spejed controlled mecha.nical stirrer^ 

(4,-. ) Corni.ng double wall glass vat -for" the el ect. r'apl at i ng 

sol ut :i, on » 


ELECTROPLATING SOLUTION: 

The compiosi t i on of the al ectropl at i ng bath -for chrcmi um is 
given in table 3„lo The composition carrsspands to the 
conyentional chromic acid bath. In experi rnents iwhsr'e the effect of 
the variatiori in composition of the bath was studied,, the ratio of 
sulphuric acid to chromic acid was still maintained at Is 100. 

SPECIMEN PREPARATION: 

Carburized steel used -for bush material is chosen in staindard 
ring form for bath Cr coating and Cr™"gr,aphi te coavting purpose. To 
prepare a fresh facing cylindrical surface for coating it is 
turned on a lathe.. To protect other faces from being coated .j a 
thin CDciting of neutral non conducting orgcinic grease is applied 
and dried.. All the sharp edges were rounded off to avoid burning 
during electroplating.. The facing surface was firually cleaned with 
acetone to remove any grease on the surface. 

COATING PROCEDURE: 

Schematic diagram of the set up used in the present study is 
shown in the Fig. 3. 2. Far chromium plating bath composition used 
is shown in table 3.1. For chromium graphite composite coating, 
powder particles to be codeposited were added into plating bath and 
blended for about 3“"4 hours. This was done to ensure uniform 
suspension of particles in the bath. The stirring was continued 
throughout the plating period. ' 

Hot water from the constant temperature bath was recirculated 
through the double walled glass vat containing the electroplating 
solution using a pump. When the required temperature waxs axchieved 
the prepared specimen was placed in the plating bath vrith the help 
of a specimen electrode holder clamp. The, anode was also lowered 
into the required current to pass in the circuit. Plating time was 
ten hours in all the experiments. Distilled water was added to 
make up for the evaporation .lDSBes. 

C3. 4> MICROGRAPHS: 


Photographs of worn out flakes, wear tracks., and cross 
section of coatings were taken using scanning electron microscope. 



<3.^) WEAR TESTING 


Amsler WGjar testing machine was used to study the 
properties of the compsosites presparecin Among two 'shafts meant ■?>;:!!■■■ 
■fiKing specimens for testing wear, the sample holder C Frig.. I) was 
fixed with the bottom shaft. Using gear manipulaition the above 
shaft, was freed from rotation and wais fixed rigidly uiriing a pin. 

Heat treated pellet was fixed in the samp! 1 e:; holder 
and fixachine wais first adjusted to zero load C following the 
instruction given in the manual of the machine ) and -again 
adjusted to give 5 Kg load on the specimen.. A to and fro motion 
of 3 mm was adjusted to be given by the machine in the axial 
direction. 

A grapjh papier cut into proper si: 2 e <16x11 cm ) was stuck 
on to the recording drum using a bit of glue.. M-achine Wc^s started 
the swinging briacket down i,.e. the sample and the ring were not 
touching each other, or., in other words there was no load 
applied to the specimen, to see what was inherent torque given by 
the miichine itself during operation.. This was noted on the graph 
paper by drawing a line using the mairker. When operated without 
sample!, the i ntsgrating disc was adjusted not to rotate 
eventhough ths? disc on which the integrating disc was placed, 
rotated. ( i .. e„ the integrating disc. w£\s pilacad exactly at the centre 
of the disc ) » - 

■Fast paper feed ( ie fast rotation of recording^ 
drum ) was fixed to ssee clevarly the change-js of torque on the 
graph paper . 

The swinging bracket was lifted up and the load of 5 kg 
was applied between the interfaxces of specimen and the ring. 

After having noted the revolution counter residing, integrating 
disc counter reading., initial weight of the pellet and the time, 
machine was started and was kept in low aspesd point. 

The torque range selected for mesisuring toque was 10 
cm-kg and the speed of the wear path was found to be d» 35+ 0.003 m 
-1 ” ■ x:.;; ■■ ■■ . 

When the wear path was approximately IKm the machine was 
put off, and the readings of counters, final weight of the 
specimen and the time, were noted down. The graph sheet on which 
torque changes were recorded was cut using a blade and taken away 
from on the recording drum. 

CALCULATION OF DIFFERENT PARAHETERS 

Amount of wear is calculated by finding the amount of loss 
of material from the specimen. The number of revolutions of the 
ring is equal to 10 times of the counter reading. Supposing M is 
the reading of the counter then 10 N is the number of revolutions 
made by the ring. 

(i) Wear path =» L 2 x (3. 14> x r x 10 x N 




r’adius at the rlng=34>. 3/2 mm 


■•■■■■ (3„ 14) 34., Bk 10 k N mm 

■■■■- 1 = 09327 N meter « 

Wear path L was calculated using abo've •formula., 

U ^ --W 

(i. :i, ) Wear path unit length “ w ~ _ 

r„ 09327N ""'" 

v-ihere W initial weight o-f the sped men = 


m 


W -final weight o-f the sped men, 
The u.ni'1: o-f W is g/m. 


(iii) According to manual 'the work done by the specimen during 
one revolution “ A ™ P k S 

=• p K 2 X 14) X r 
vjhesre p ™ load - m / r 


X (3» 14) X m 


(Ti = momentary torque 
A ~~ m/r X 2 x (3.. 14) x r = 

r = radius o-f the specimen 
s wear paxth per revolution,. 

This can be easily calculated by multiplying the 
integrating disc, counter reading <N ) and the maximum torque 

i 

possibl e (end value of torque scale ) .. 


A 


N 


end value of the scale 


m 


The above result is arrived at as follows ; 

When the lower shaft rotates 100 times and when the torque 
is maximum (M) ( i e BO mm away from the zero point ) the 
integrating disc rotates two times on the disc. If the torque is 
not zero and also not maximum, the integrating disc makes 

N =<2 X (3. 14) / M) X m 

i . ;■ - „■■■■ 

revolutions on the disc,. Where m = momentary torque, M ”• maximum 
torque (10 ( or >50 ( or .)100 (or) 150) cm Kg. 

Divide equation by M both sides. Now the R.H.S. 

A/M «2 X (3.14) X m/H 

is nothing but reading of integrating disc counter is N . Since 

i 

the sample has made 100 revolutions to give H reading and 
, ' ■ ■ ■ i 

therefore A is now now work done in 100 revolutions. 


K M 


A = i\i 

i 

1*3 get A in m Kg instead o-f Cm Kg so 
A 100 N 

i 


Amount ot work done per meter of wear path can be cal cul ated by 
dividing A by L. ie 

work done per meter = A/L 

(iv) Torque can be directly seen on the sce^le during ^ wear., 
0 1 1'"! e r w i s e i t i s c a. 1 c u 1 a t e d fro m t h e g r a p h p a. p e r r e c c;;> r d i n g « T h s . 
total length of sicale; is 80 mm which corresponds to the ma;-;imum 
torque possible C 10 (or >50 (or ) 100 (or ) 150 Cm Kg depending upjon the 
chosen range) . Each mm of graph sheet ccsrresponds to a torque 
proportion. In the present case 1 mm corresponds to =10 CmKg/S'O 
0.125 CmKg « The distance from the reference line on the graph 
paptar to the torque marked by the marker, is measured in mm and 
is multiplied with 0.. 125 to give the corressponding torque value 
in CmKg „ 

(v) Friction coefficient calculated using theory and formula. 
Friction coe-f f icie^nt = Torque/ p» r., 


All the parameters wE?re calculated using above theory and formula 

Minimum and mawimum torque range in which sample 
kept wandering around were calculated from recorded graph sheets. 
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CHAPTER 4 


RESULTS AND DISCUSSION 


Wear SKDE^riment was performed on Amsler wear tesig machine 
of which schematic diagram with sample specification is showed in 
•f i g 3 .. 1 » ^ 

in the bejgi lining experiment was performed with stationary 
sample made of bush material (carbur j ;.;ed and heat treated low 
carbon steel) and rotating one of sprocket material Cheat treated 
medium carbon steel),. 

Experiment was performed for three different time (i„£ 5 „ 5 
hrs,, lo hrs, amd 20 hrs) and three different loads (50 kg, 100 
kg., 15o kg)., Important d«>.tas obtained for wear is shown in table 
4.1 and values are plotted in different form in graph in graph 
'section under different headings. 

Cr-"C.:o<at i ng was performed on ceirburized heat treai.ted low 
carbon steel. Coating specification is mentioned in Table 4..2 and 
sccunning electron micrographs obtained is discussed later on. 
Here also same wear experiment is performed as in case of 
uncciated one and datas obtained is compiled under Table 4,3. 
Under graphs headings different graphs were plotted and discussed 
to considerable length. 

Plates on Cr-graphite composite coating was performed which 
is discussed under SEM section. Here also wear experiment was 
performed , 

Data obtained is discussed under Table 4.5. Here wear 
testing is performed only for one load i»e„ 100 kg. Again 
different graphs were plotted and discussed under separate 
heading. 

In the end wear study was performed for two sample made up 
of same material i.e. heat treated medium carbon steel. Datas 
obtained is compiled under Table 4.4 and related graphs plotted 
is discussed under separate headings. 
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SLIDING WEAR BEHAVIOR QF BUSH 8: SPROCKET 


IN UNCOATED CONDITION 



i "fi 

me We 

ight Lc 3 ss 

N 

Wear F-'atl 

1 i 

Wear / 

'Length 

( kgi:; 

i) (h 

!'■■ !3 ) 

E<uBh 

( grams ) 

SprocI 

ket 

( 1 „ 09327*N : 
mts 

J 

Bust 

Cam/ 
1 " S 

5 

’ fPi ) 7? ;l 0 
*0 r DC ]< £S't: 

50 

1..J 

0 1, OSES 2 

0. i .127 

5S0S 

6349. f 

1 . 39 

T7 

•7 -j 

50 

1 0 

0- 1811 

0. 1852 

7697.5 

8415.4 

2 . 15 

e 

20 

50 

1 1lt.) 

0- 3142 

0 „ 3332 

17561.5 

19199.. 5 

1 . 64 

1 . 

...y ...j. 

50 

20 ' 

0 „ 6253 

0 . '‘’■1064 

22726 

------ 

24845.6 

2.5 

1 . 

64 

i 00 

5 


“”'""oT'i‘5065* 


6424 


•tL tt 

’ 34 ””’"”’"’"’ 

1 00 

1 0 

0- 7023 

0.2734 

11780 

12878. 7 

5. 45 

r* 

12 

1 00 

15 

0.. 785i8 

0 . 4866 

18040 

19722. 6 

3. 98 

0 

•C* » 

46 

1 00 

20 

1 . 0234 

0.5973 

22826 

24955 

4- 1 

4.1. M 

39 

iso’ 

i»J 


’071886"” 

’”’”5896 

■"""644579 " 

’i’ 979 ’ 3 ”” 

0 

X. n 

’ 9 ’”""” 

150 

10 

2- 0246 

0.3216 

11598 

12680.0 

15.96 


54 

150 

15 

2.5556 

0 . 64 

17685 

19334.48 

^ -;r 


31 


TABLE-4.2 

Cr-Coating on Bush Steel Sample 


Initial Weight of the Sample (W )' 


56-7871 qra? 


Final Weight of the Sample <W ) 

: 7 -'S ;'f ■. 


57- 3813 ams. 


Total Weight of coating obtained .( W) 


0-5942 qms. 


Initial Outer diameter CD ') 
' ' 


Final; Outer diameter ; 




34.72 mm. 


38.40 mm. 


ThicknesW 'Of tHe 

.i’.L'i-" 1'^ 


j Ni'dth''' of' ' th'e'’.;aafflpl^‘- Tt ) 






krent ■: i l> 
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TABLE- 4.3 - 

SLIDING WEAR BEHAVIOR OF BUSH-SPROCKET MATERIAL IN 

Cr-COATED CONDITION 


...oad Time We ar- We i ght Loss CM) Wear-pcTith W 

(kgs) (hrs) (gms) (1.09327-^N) ( 

Bush procket (rnts) Bush 


50 

5 

0., OE364 

0. 1349 

5936 

6489.65 

56 

2. 1 

50 

1 0 

On 1297 

Oh 2790 

11933 
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■ TABLE-4.4 - 

SLIDING WEAR BEHAVIOR OF HEAT-TREATED MEDIUM CARBON STEEL 

(Both sample iTiade of same material) 



Load (kgs) Time (hrs) Wear Weight Loss (gms) 

Bush Sprocket 



TABLE-4 


SLIDING WEAR BEHAVIOR OF BUSH-SPROCKET MATERIAL IN Ct — GRAPHITE 

COMPOSITE COATED CONDITION 


Ldcu:! (kgs) Time (hrs) Wear-Weight Loss (gms) 

Bush Sprocket 


1 00 

5 

1 00 

10 

1 00 

15 

1 00 

20 


0.3146 0,4712 
0.4519 0,6207 
0 . 4727 0 , 8723 
0.7158 1.0022 



{4«1 ) GRAPHS 


;l. . DlAs - WEIGHT LOSS VS TIME (STATICs CARBURIZED) 


I his grapsh deals with the wear study of 
b u. s l'■i s t s e 1 w h i c hi i s c a r b u r i 2 e d ^ q u e n c h e d a ri d t. h e n 

D 


low carbon 
te^mprn-ired at. 


L- a(...i ) i fc'vfc? .lUU A Martensite« HiS're tor higher load LI > e.. 150 

kg) , initial wear rate is vsjry high then" it continuously 
decreases™ 

For medium and low load (i„e. 100 kg ?•; 50 kg) initially wsar 
rate is higher then decreases then ’finally it again incrs'ases 

initially wear rate is higher because O’f' higher ’surface 
roi.ighnesB and higher stress due to small sur’face ars;a in can'tac’t.. 

As ’time progreses from adhesion theory to del ami nat i on theory- 
takes over predict wear mechanism according to which wear rate is 
(liainiy corrl" roi i ed by subsurface void nucleation and crack 
prapagatian™ Due to frictional energy loss heat generatted is used 
in forming OKide glase which gets embedded on the surface which 
in ’turn restricts sur-face wear loss™ Curve shows three distinct 
regions called threshold region, steady growth region and static- 
mode I'-egion respectively. 


2. DIB: WEIGHT LOSS VS TIME: {ROTATING : Against carb. ) 


This graiph deals with the wear study of rotating sprocket 
sample which is medium carbon steel quenched and tempered to get 
100 7. martensite. Tt is sliding against carburised static bush 
samp 1 B « 

Here for all load Ci.e. 150, 100, 50 kg) initially wear rate 
is higher thsH'i ralatively lower then again higher and finally 
1 Dwer . 


rate is higher and then lower due to the same 
in the case DIA. Here difference in wear mechanism 
DIA case is due to change in loading pattern. In 
due to different faces coming in con ’tact there is 
taking place which leads to fatigue mode of 
failure. Finally, in the end wear rate decressse becaiuse of the 
basic microstructural difference of medium carbon with respect to 
low carbon steel. 


Initially wear 
reason as it is 
with respect to 
rot at i ng rsiamp 1 e 
cyclic loading 


S.DLlAe WEAR LOSS VQ LOAD {STATIC: CARBURIZED) 

' ' .This graph at d.ifferent time for 

b'ush matferiATJv With 4 *. 




wear 


ipcre«1^»:;'ih,Fti«6„,there is net shift in graph , 




.1 (. 


ncrea.se in e -cont i ipcrease in wsar 

i.-l-ri.ch is par-i-.ly clear*’^'l;|^4;)the'; fT experi mental 

•• :V ' v','. l yfc, ,.,,! .}.v, . ' , 



< 3 ^ 




could only bo obtained 'for a ievi load s. contlnuoue 


G r" £; p f’’: 


As load increases,, -frictional force also increases evsr;- -far 
fvi c: t;i. onal coefficient which leaids to higher iwear los-s,. 
Ciiie*" ioa*;! a.), so hejlpjs in eaisy void nucl eat ion and f-aste''" cr'aci.-; 
gi' owth wlrich is one of the important mech-ansm of controlling v-joar- 


4. ©LlBs WEIBHT LOSS VS LOAD (ROTATINB : Against carfa.) . 


This graph is for sprocket material sliding against bush 
(ri 3 ,teria.l„ Again there is net shift towards higher 'wear loss with 
increase in time* With increase in load wear loss continuously' 
i nci"- eases.. 


5. D2A. WEIGHT LOSS VS TIME (STATIC: Cr Coated) 


Here? bush material its Cr-'-coated* Thickness of Cr-coating 
devsTlopod is considerable as it is evident from plate~-19» Here 
again three stage weair mechanism is the same as it is in D'lA case* 
Wt-jight loss vs time graph should be continuous but that could not 
be plotted with higher accuracy because datai are available for 
limited time internal and for few number of loads oml‘y» But. 
still thr< 2 e 'stages of crack propogation i,e« threshold region* 
Steady growth region and static mode region is evident from the 
graph. 


6 . D2B! WEIBHT LOSS VS TIME (Rotating: Against Cr-coatsd) 


Here sample made of sprocket material is sliding againnst 
bush material which is Cr-coated. Wear mechanism is similar to 
four stage wear mechanism of graph D,IEl He^re also in the 
beginning there is a faster rate of wear, then it is slowed down 
and then again higher up and finally slowed down. 


7. DL2As WEIBHT LOSS VS LOAD (Statics Cr-coated) 


Bush material is Cr-coated. Nature of graph is similar to 
DLIA and reason of variation of wear rate with load is also 
almost th® same. Wear rate is continuously increasing witli 
increasing .load and with' .'increase, in time there is net upward 
shift ' towards higher wear vioss... . 



B.DL2B. WEIBHT LOSS VS LOAD (Rotating; Against Cr-coating) 


Here sprDc;:ke 
c:oa#.t i ng « Nature 
:i. :i n V'lear 

■i: :i. rf! b w !i o 1 is c:: ix r v e 


* t ^ m a i: e r ;i a 1 i s s 1 i cl 1 n g a g a i n ib t b u s r ;c fi e w j. 

graph is similar to DL1B„ There is cent 
r®a.te with increase in load and with incra 
shifting towards higher wear rate„ 




9. S4A! WEIGHT LOSS VS TIME (Load iOO kg. Static; Heat) 


H 1 J. !i» i is! '{■ Of bush sanipie which is ma,de of materia.1 earlier 
used -for sprocket i„eu fruedium carbon sttsel quenched and tempered 
to get 100 X martenrsite. Wear mechanism is o-f -four steps type as it 
is -for sprocket sample made o-f same material dealt within DIB graph. ^ 
But as important difference is that here no cyclic loading is takin 
jhi.ace and so four stage wear mechanism is not due to fatigue but i 

due to microstructural difference., This sample is different from : 

carburised low carbon steel which is quenched and tempered to get 
IwX martensite,. In later case the surface' martensite is of 
higher carbon type but as we go inside it is of law carbon type™ 

But in earlier case i.B« in case of medium carbon steel there is 
only one type of martensitE? uniformly distributed 1 : oa t i all over 
the sample., , 

Here in the beginning adhesion mechc\nism Jslw controls 
wear rate but. later on it is taken over by del ami nation mechanism 
which now start controlling the wear rate. Initially at void 
nucletion stage wear rate is lower which increases in the steady 
cjratte region but later on it again decreawses due to almost 
complete diminition of surface wear loss,. Thus in the end csnly 
sub-surface wear loss mechanism is the rate controlling factor 


10.B4B: WEIBHT LOSS VS TIME (LOAD -100 kgjRotatings Againstheat) 


or 




This graph is for rotating sprocket sample part which is 
made? of the same medium carbon steel as bush material is in D4A 
earlier sprocket material. Thus in this case bush and sprocket 
bibth are? made of same material and one is sliding over the other. 

There is fundamental shift in wear phenomenon in the sense 
that initial wear rate is lower and it increases then decreases 
and finally for longer time it increases very rapidly. Since 
tempered medium carbon steel has very coherent microstructure in 
comparison to carburised one and it is a case of two similar 
surfaces, sliding against’ each other and its surface is 
comparatively smoother,; ; so,' .surface adhesion wear which is 
initially rate controllling is co'mparatively low. For as time 
progresse$i delamination ,';'wear,T:'.ta'kes over ..-which becomes rate 
controlling. and.,^,a w.ear In, third stage there , is 
fall -in 'wear rate not because, .^lowsring , of delamination wear 

■“"'‘.tr’t'htO''' '«::st#«dy'r^tag«::;r;et4» .-.because - of- total. - - ,. 1.qss 

■i'nn, wear;twhich.'.,,>i-mose.'b«CDtties'. nB'gl.i.gibie in, later ^ stage.., 

• istage there.'ls ',-aV.,='nap;id' rise ''''''i.n wear-rate ' due to , 


^ I: 
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tat :i. QUB f%ailure of sanipl^n 

11. D5A! WEIBHT LOSS VS TIME (Load-100 kgsStatic, Cr-graphi tecaating) 


. 1 1 j. b yi cipii lb '{’Ui' busl'i s a (lip is again (nacle of low carbon s'hss] 

3 Li... i 1 lb L <;;U tiuu 1 sci cjLU’.-nci’i©d an(d . bHsn t’.snipsr'sd to 
rnartensi ta„ ^ Here Cr-graphite composite coating is per-f oriTied’’ ' to 
pf bC'.l. 1 (..! 1 uLir i cation and to enhatnce wear resistant 

efficiency of bush-sprockcst arrangement. 

ihis is .a standard three stage graph common to most of the 
bush material failing under craick propogation mechanism which is 
extensively dsialt in liteirature survey part and in case of graph 
Dl A. Again graph should have been continuous but since experi men'i’: 
could be performed only for few time intervals and one load Ci.e 
3.00 kg) continuous graph is not plotted. 


12 D5B: WEIGHT LOSS VS TIME (Load 100 kg: Rotating ; Against Cr- 
graphite cotnp) 


This graph is for sprocket material which is sliding against 
composi te coate-fd bush sample. 

This is a standard four stage graph common to most of the 
sprocket material and it is extensively dsialt earlier in DIB and 
other CiSses. 


13. D3As WEIGHT LOSS VS TIME (STATIC: CARS- COAT) 


One set of sample is 
then tempered to get 
is performed over 


This is a master graph for bush sample, 
simply low carbon steel, carburi 2 ed,quenched 
matremsi te.i In other one Cr — coating 
initiail bush mateirial. 

Wear testing is performed for three different loads i.e.SOkg 
100 kg, and 150 kg and for two materials mentioned above. 

This is a sum graph of DIA and D2A and here relative advantage of 
Cr-"Coating over uncoated sample can be clearly understood. Here 
initial advantage obtained over uncoated one is maintained all 
over with the same difference. As, it is evident from plate 19,20 
that coating improves the surface finsih and immensely reduces 
initial aciheslv® wear Iobs». After coated part wears out rest of 
the wearing process is' similar for both the cases because now 
materials si 1, ding , over' the .o.theri are' the same. 

14. WEIGHT; LOSS' Against carb-iCr-coated) 


.■y’l ' 

This 
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Wsar t. iS' , 1 . ng is .again parformad at thrse di-ffa; 

IbU kg, lOU l:;g and bO Itg,. Basic: mechani am ot wi:a.aj'" 

DIB and l)2hn Heria comp,ai'“i son of !-. 5 l -at:!, va wear 
3 a 3 :L e i-- H Br is a g .a i n i n i t. i a :i. a d a v a rj t .a g -a g a i r s e d 
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wear lass^^^ is ^ high.3r because it is f-acing ral-atively hckOsiAar 
si..i,r-f ac3» Un the othier hand tor the sprocket sampl a , s.l i di n-g ac! 
3_.ii ii.. oa Led f../ 1.3. si 3 safrfp .1 e wear .Loss is r’el ..9,‘ti vs.L y smaller.. For H:i. Cji'ser’ 
.1. o-ad -Cine., ibo kQ:* even against u.n coated btj.oh saffiple for longer 
time 3/gear incra-asas with a faster rate,. B3...it tor loiwer load (ils.. 
iOO kg and 50 kg) it is Citherway round u 
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15. DL3AS WEIGHT LOSS VS LOAD (STATIC CARD. ; Gr-coated) 


!his is a master grapjh for bush sample one set for uncoated 
one and ancither one; for Cr-"(::c3at6?d« Graph os platted for threjs 
different time intervals i.e» 5 hrs, .10 hrs, 15 hrs.. Mechanism is 
already discus?ied in DLIA and DL2A and here is a sum of these two 
sets. For all load and time interval wear rats with respect to 
load is always higher than Cr-coated one. 


16. DL3B WEIGHT LOSS VS LOAD: (Rotating against carb. Cr— coat) 


This is a master graph for sprocket material. One set of 
graphs is for sprocket material sliding against uncoated bush 
sample and another set. for sliding against Cr-coated one. 

For any particular interval wear rate against coated sample 
is always higher than uncoated one, but if two different time 
interval are compared then it is not the case. In fact with 
changing time wear rates against Cr-coatesd and uncoated vary 
alternately. 


17. D6As WEUGHT LOSS VS TIME (Load 100 kg s Static carb, Cr- 
coated Heat comp) ' "y',: - , v , y 

This is a master graph for bush sample having bush material 
itself replaced by medium carbor? steel qmenched and tempered 
to get 1007. martensite. In other three cases one is where bush 
material, is used asfsuch, in uncoated condition, in next one Cr- 
coating is done', and in" the last orte Cr- graphite composite,: 
coating is performed. I ' ' , 

Uptill iO hrs of wear test:ing iTiedium carbon steel gives the 
bs'st r.es'u'i t ,but OL'arali for longer time of wear,' Cr-graphi te 
c-omposi te 'coatings on 1 o-w carbon steal give the mtcst 


18. s D6B WEIGHT LOSS VS TIHE (Load-100 Kg; Rotating against 
card, coat. , heat comp.) 


This is a. master graph for sprocket material wh: 


siidinct against, bush sample with different surface es-scept. 


which is 

:i, f’l o n e 

case where bush and sprocket material are of the same medium 
carbon steel type. Uptil 15 hrs medium carbon steel gives fairly 
good perf ormance for both as bush and sprocket material. Again-st 
composite co-ating wear rats of sprocket material is gensr-ally 
maxi mum. But for longer time wear rate of medium carbon stee.! 
overtakes wear rate of sprocket material which is again medium 
carbon steel against Cr-graipjhi te composite coated one. 


19. Bi ; WEIGHT LOSS VS TIME; (Static uncoated « Ci* — coated) 


This bar diagram is a relative comparision of wear rate of 
Cr--coat(5d bush materiail with uncoated one. 

r-'or all load and time Cr-coated sample shows more w£?ar 
resistance than uncoated one. For higher time of wear testing 
relative wear resistaxnce gain keep on increasing. 


20. B2; WEIGHT LOSS VS TIME; (Rotating Against carb. Cr — coat) 


This bar diagram is a relative comparison of wear loss of 
sprocket material sliding against carburised in on€5 case and 
against Cr-coatejd one in the other. 

Sample sliding against Cr-coated wear rate is always higher 
than sample sliding against uncoated one but as time of wear 
testing increases this gap gets healed up and for higher load and 
longer time of testing this difference is very less. 


21 .63; WEIGHT LOSS LOAD (Static; Cr-coatsd .carb. ) 


This bar diagram is about relative wear study bush material 
in Cr-coated and uncoated condition. With increasing load and 
time gap between wear rate, of coated and uncoated one keep on 
increasing. Times for higher load coating give even better 
performance even if wear time is extended. 

22. B48 weight LOSS VS LOAD (Rotating; Against carb. Cr- coated? 

^,1;.' ,Th"i'S ,:,,bar diagram relative wear' study of sprocket 

material "whi cK"; i,s ' si i.di and Cr-coated , bUsH, 

sampidi ■" '' 

■, 'i- 'J-'! '■Wear' r4t'e ■■afaift'sti'Cfrcbated' .ond.''t;s ,,.al :than, against 




'f ■ ■■ '^. r’^ 






!his is <a re.L 3.17.1 ve WBar rats? conripar i iB;i, on bar diascjrani at. iOO 
kg load for bush mater.i. a3. under uncoated, Cr-coated, Cr--araph i to 
cfurnposi fee co-ated and mediu/iri carbon steel sprocket ffiaterial used 
•for both sample condi ti on« 

tor lower wear time heat treated medium carbon steel used 
■for both s-ample giving the best per-formance but -for .longer wear 
times Cr-'-graphi te composite coated one comes out to the be 7 -;t 
■a.!. t.ernat. i vB» b.ven •{•or longer wear 'time? heat treated msdium carbon 
steel used -for both sample will giv's better per-f ormance than 
uncaatcHl carburized and then heat treated low carbon -steel. 


This is relative wear rate comparision bar dagram -for 
sprocket sample which is heat treated medium carbon steel and 
is sliding against uncoated, Cr-coated,, Cr-graphite composite 
coated and of same material as sprocket is made up of » . 

In general for un coated one wear is the least for all cases 
but with increase in load and time difference between wear rate 
of Lincoated and other surface treated one decrecJ.ses except in the 
case of heat treated medium carbon steel where in the beginning 
this gap is almost net 3 ligitale but with progress of time this gap 
increases very rapidly. 


23. B5s WE I BHT LOSS VS TIHE (Load— lOOka; 


24. B6i WEIGHT CHANGE VS TINE ILoad— iOO 
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The subsur'-facs voids elongate by -further plastic detcrmatic 3 n 
and usually they are directed along the shear dsf ormati on lines 
a -5 can be observe^d in plates no,. 0014 & 0015» These enlarged 

voids will then cocdlesce to -f-orm longer cracks -fairly pctrallel' to 
the de-formation direction, i„e. parallel to the sliding 
direction. 

kl WEAR SHEET FORMATION; 

As de-formation proceeds, the raubsur-f ace cracks advance to 
the -free surface.. The? ws?ar sheets were? detached from the sur-fac;e 
only in selected areas with a perpendi cul ar crack o-f various 
length as it is 6?vident from plate no 0013, 0014, 0015,, Further- 
si iding will advance the crack to the surface on all portion o-f 
the crack front (opposite to the sliding direction),, Plate 0015 
clearly shows this behaviour -for carburizE?d and tempered lOOX 
martensitic steel,. This micrograph indicate that the wear sheets 
have been lifted slightly from the surface since the crack =5 have 
just reached the surface,. The? wear sheet will li-ft further -from 
the plane of the surface due to the residual stress and strain in 
the sheet or due to the repeaated loading. 

The maKimum bending is at the left end of the sheet, where 
it is still in contact with the worn surface, crack wll dsveslop 
at thes position. Here ductility plciys a major role in wear sheet 
detachment, since the crack formation by the? bending action of 
the sheet will be enhanced in less ductile mentals. 

When the wear sheets become detached from the surface, 
shallow craters are produced from the surface, as shown by plate 
no.. 0017 and 0018. These phtographs area for medium carbon steel 
having 1007. tempered martensite, 

Plates no. 15 to 16 are for static component in our 
e!<pBriment made of bush material which is carburized and then 
tempered for 1007. martensite low carbon steel. 

Plate 17 8^ 18 are for rotating component which is made of 
sprocket material i.e, medium carbon steel quenched and then 
tempered for 1007 martensite. 

There is clear difference of wear pattern for two components 
as it is evident from the photographs. 

For static component, since it is carburized and then 
tempered for 1007. martensite, because of difference is c/a ratio 
subsurface void nucleation, crack propogation and chipping 
would be easier in earlier cases. But for rotating component 
there- is cyclic loading and so due to fatigue, strain hardening 
takes place and thus chip size would be smaller as it is evident 
from the plates. ' ' ' ' , ' ' ' 

PLATE 19s It , iS' a cross-section with , Cr-coatihg on ' bush ' material 
which , 'is' stat'ic 'in our experiment. It shows that ''&■ considerable^ 
tljic.k'ness' of. cpati'ng took place, ■ . ' '■) ' ' 

PLATE '' 20 ' 21's ' These are two photographs showip'g' the., cross 
-s'edt'ibn ' ."^Ofpci-graphite composite coating' _!«.hicfj; is psrtor.'nsc 
Oh."bush '.matehiaT, 'There are alternate lay^hs .gf . Cr,' end graphite 
'distributed 'evenly all over the coating. . "Coatings here dev-sloped 
i'S' ' 'of'. 'CD'hdi.derable thickness. . .. ' ; ' 








CHAPTER 5: 


CONCLUSIONS 5 


1» Inspite o-f greater surface hardness, carburi Bed-'heat-'treated 
steels wears faster than hardened medium carbon steel.. 

2., FVom the wear point of view, it is beneficial to use sarfie 
materials for bush and sprockest with similar heat-treatments 
(quench hardening and temper i ng > . 

3« Chromium coatings on caarburised heat treated bush mater ic\i 
improves its wear resistance. However it adversely afects the 
wear rate of sprocket material. 

4, Chromium-graphite coatings on carburised heat treated bush 
material improved its wear resistance more than that by chromium 
cotatings. Overall performance of therse coatings is better than 
any other system. 

5. Adhesion theory of wear controls the wear mechanism only in 
the initial stages and most of the sliding wear process can be 
explained only on the basis of delamination theory. 



CHAPTER 6 


SCOPE OF FURTHER STUDIES; 


1„ Due to lack o-f time and limited scope of my thesis hard 
particle dispersed coating could not be performed which can be 
studied to see the result. 

2. Here only Cr and Cr-graphote composite coating is performed 
and studied.. But there are many other metals like Ni , W, A1 Ag 
amd fTietal oxides like A1 0 , TiO , Cr C , MgO, SiC etc of which 

O -T O . T, O 

4j«i. '•*•* •*••• 

coating can be? performed and on the basis of results they c£in be 
compared. 

3. We had studied only about improving the life of bush material., 
even at sometimes at the cost of sprocket material and on that 
basis I am reaching at certain conclusion. But relative economic 
viability of various processes are also to be studied which can 
have tremendous practical importance. 

4. There are many other sophi sti cated surface treatment like 
carbo-ni tri di ng , laser treatment, plasma spraying which can open 
a bounty of new avenues and we may come up with fascinating new 
results, which can also be studied in great detail. 
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